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� Abstract: With the recent technological advances, neu-
rostimulation has provided new hope for millions of patients
with debilitating chronic pain conditions that respond poorly
to other therapies. Outcome research demonstrated that
patients with failed back surgery syndrome and complex
regional pain syndromes benefit significantly from neuro-
stimulation in pain reduction, functional capacity, and
quality of life. Increasing clinical evidence supports the use
of neurostimulation in post-herpetic neuralgia, peripheral
neuropathy, occipital neuralgia, and other neuropathic
pain conditions. Strong clinical evidences indicate that
neurostimulation offers less invasive and more effective
therapies for many patients with ischemic pain caused by
cardiovascular and peripheral vascular diseases. A growing
body of literature supports neurostimulation for visceral pain
in general and interstitial cystitis in particular. As a basic
principle, patient selection for the appropriate neurostimu-
lation modalities is essential for safe, efficacious, and cost-
effective applications of this therapy. Research with more
vigorous designs is needed to establish evidence-based appli-

cations of neuromodulation therapy in emerging indications
of pain management. �
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INTRODUCTION

The field of neurostimulation has grown dramatically in
recent decades, 40 years after Shealy et al. implanted the
first neurostimulator in 1967.1 As many as 50,000 neu-
rostimulators are implanted worldwide each year for a
variety of indications. Over the past few years, tremen-
dous advances have been made in the technology along
with the emergence of new indications for neurostimu-
lation. This article reviews the evidence with respect
to clinical applications of neuromodulation in pain
management.

FAILED BACK SURGERY SYNDROME

In the U.S. alone, more than 1,100,000 patients undergo
spine surgery each year. Unfortunately, as many as 40%
of these patients will not get the desired outcome and
experience chronic pain afterwards.2 Some of these
patients will carry the diagnosis of failed back surgery
syndrome (FBSS), characterized by intractable chronic
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pain that may affect the legs, buttocks, or low back. The
name of this condition may lack precision since the
surgery might have succeeded in correcting the underly-
ing spine pathology while failing to achieve adequate
long-term pain relief. In the U.S., FBSS is the most
common indication for neurostimulation therapy.3

Patients with chronic pain after multiple back opera-
tions often suffer from depression, impaired functional
abilities, loss of employment, poor sleep, and several
other comorbidities. Among the sources of the FBSS
pain are recurrence of disc herniation, arachnoiditis,
epidural fibrosis, and various radiculopathies.4

FBSS is typically managed with conservative medical
treatments such as medications, physical therapy, selec-
tive nerve root blocks, and epidural steroid injections.
Patients who do not respond to these treatments may be
recommended for neuromodulation therapy, or more
specifically, spinal cord stimulation (SCS). SCS involves
placing one or more multiple contacts neurostimulation
leads into the posterior epidural space of the spine to
create an electric field over the cord dorsum of the spinal
cord. Careful targeting of the appropriate spinal levels
results in paresthesia in the painful areas of the body.
The success of SCS for FBSS patients is influenced by
several factors including: the exact pathology and type
of pain generator, how much of the pain is neuropathic,
and the patient’s motivations and active participation.
Timely application of the therapy is another very impor-
tant factor. The best results are seen when the therapy is
administered to patients within 3 years of their initial
back surgery.5

Many studies, mostly in the form of retrospective
case series and a few prospective, have been published
consistently showing the benefits of neurostimulation
therapy to treat FBSS.6–10 The majority of FBSS patients
report at least a 50% reduction in pain when treated
with SCS, as well as functional improvement and a
greater likelihood of returning to work.10–12 Despite
these investigations and a wealth of clinical experience
regarding this application of SCS, only two randomized,
controlled study has been performed to evaluate the
therapy’s effectiveness in treating FBSS patients. The
first study compared the clinical outcomes of SCS and
repeated back surgeries and found that patients treated
with SCS reported better pain relief and higher satisfac-
tion levels than those treated with surgical reoperations,
and when given the choice, many patients who received
reoperations would choose SCS over reoperation.13 The
second study compared the outcomes of conventional
medical management (CMM) alone vs. SCS plus CMM

in 100 patients with FBSS and predominantly radicular
leg pain.14 The SCS group experienced better leg and
back pain relief, improved functional capacity and
quality of life, as well as greater treatment satisfaction.
In the intention-to-treat analysis at 6 months, 24 SCS
patients (48%) and 4 CMM patients (9%) achieved the
primary outcome, 350% pain reduction. Between 6 and
12 months, 5 SCS patients crossed over to CMM and 32
CMM patients crossed over to SCS. However, 27 SCS
patients (32%) had experienced device-related compli-
cations at 12 months.

FBSS pain is frequently located in both the low back
and legs, with the former being historically more chal-
lenging to treat than the latter. This is partly due to the
anatomy of the spinal cord at the thoracic levels that
contain the nerve targets related to the low back pain.15

These targets consist of dorsal column tracts that are
adjacent to dorsal root nerves entering the dorsal horn
of the spinal cord. The proximity of these structures to
one another can create a challenge when applying SCS,
as stimulation of the dorsal root nerves can lead to
dysesthesia or unpleasant motor responses. Besides the
issue of proximity is the special orientation of the dorsal
root nerves, which makes them easier to stimulate than
dorsal column nerves. This problem is compounded by
the relative thickness of the cerebral spinal fluid layer at
the thoracic spinal cord, which increases the stimulus
amplitudes required to reach the spinal cord targets,
again raising the possibility of unintentional stimulation
of the dorsal root nerves. For these reasons the SCS
leads should be positioned close to the midline. It should
be noted that the spinal cord midline may not be reliably
reflected by the radiographic images, particularly in
patients with scoliosis.

Recently, advances in SCS technology have allowed
better coverage of the back and patients are reporting
better outcomes and more relief of their back pain.16

Studies are currently being conducted to test newer tech-
nologies to treat patients whose pain is predominantly
in the back. SCS is preferred over the intrathecal drug
delivery systems as it could reduce or spare the patients
from the consequences of long-term opioid use.17

Peripheral nerve and peripheral nerve field stimulation,
two newer types of neurostimulation, may be combined
with SCS to improve the outcomes of patients with low
back pain.18 More studies are needed to determine the
efficacy of these stimulation modalities.

Repeated surgeries have a poor record of pain relief
for FBSS patients, even though in some circumstances a
reoperation may be indicated, such as in the presence of

104 • mekhail et al.



a retained disc fragment. In most cases, however, it
appears that SCS is preferred when additional surgery is
not definitively indicated to correct the pain generator.
For patients who do not have progressive and debilitat-
ing neurological deficits or gross spinal instability, SCS
should be considered prior to a second or subsequent
back surgery. It can also be used for patients who
are not candidates for back surgery due to age or
comorbidities.

Apart from FBSS, other spinal pain conditions are
treated with SCS, including lumbar spinal stenosis. Like
FBSS, this condition is often treated at first with medi-
cations, physical therapy, epidural steroid injections,
and surgery. A majority of spinal stenosis patients have
positive surgical outcomes.19 However, patients who fail
to get relief or who are not surgical candidates have
been successfully treated with SCS.20 The therapy
appears to be most effective in patients who have mod-
erate or mild spinal stenosis, a positive exercise tread-
mill test, and pain mostly located in the legs.

SCS has also been employed to treat intractable pain
originating in the cervical spine. Patients with such pain
often undergo multiple spinal surgeries before being
considered for SCS and their symptoms may be linked to
neuropathic pain syndromes. Cervical SCS has provided
as many as 80% to 90% of these patients with pares-
thesia in their painful body areas.21 Stimulation with
retrograde leads at cervical spine levels has also been
used for a range of pain symptoms, such as occipital
pain, jaw pain due to temporal mandibular joint disease,
and diffusing pain in the neck, shoulders, and upper
extremities. In such cases, adequate paresthesia cover-
age has been observed in 70% to 80% of patients.21

In spite of the technical advances in SCS leads, the
ideal lead configuration for FBSS patients is still subject
to debate. FBSS patients may be effectively treated with
two types of SCS leads: paddle leads that are inserted
into the epidural space via a laminotomy, or wire-like
leads that are placed using a percutaneous approach.
The choice of leads depends on the circumstances of each
case. Paddle leads are more energy efficient and appear
to have a lower incidence of migration.22 It is preferred
for patients with suspected scarring of the epidural space
at the level of insertion, patients with extensive ortho-
pedic hardware in the spine, and patients with high-
energy requirements (thus reducing the battery life of the
generator), although this may be less of an issue with the
advent of rechargeable neurostimulators.

Because paddle leads usually involve a more invasive
laminotomy that requires the service of spine surgeons,

percutaneous leads are more commonly used. Recent
studies have also raised concerns regarding a higher risk
of fracture of the paddle leads compared to the percu-
taneous leads.23 Furthermore, improved anchoring tech-
niques for percutaneous leads may make the difference
in migration rate less significant.24 The use of multiple
contact leads is recommended since the neural targets
for FBSS patients appear to change over time.25 One
study suggests that a single percutaneous lead placed on
the physiological midline appeared to provide better
results than dual percutaneous leads placed in parallel.26

However, controversy exists as an argument can be
made that dual leads provide better programmability
and may be less affected by off-midline migrations.

As a technology-based therapy, the initial costs of
SCS can be substantial. However, FBSS or other chronic
pain patients who are treated with the therapy generally
require less follow-up care than similar patients treated
with conventional medical management. This can result
in a sizable reduction in health resource utilization and
make SCS less expensive than conventional treatments
over time.27–29

NEUROPATHIC PAIN CONDITIONS

Neuropathic pain is any pain condition where the pain
experienced is due to the peripheral or central nervous
system processing somatosensory signals inappropri-
ately. In chronic neuropathic pain, the cause of the injury
may have been resolved but pain continues. It is generally
refractory to conservative medical management, particu-
larly to medications. This has given neurostimulation
an important role in providing pain relief to patients who
would otherwise suffer debilitating chronic pain.

COMPLEX REGIONAL PAIN SYNDROME

Complex regional pain syndrome (CRPS) is a neuro-
pathic disorder that is frequently treated with neuro-
stimulation. CRPS is accompanied by sensory and
autonomic dysfunction and may respond poorly to con-
ventional treatments such as physical therapy and reha-
bilitation, medical management, or sympathetic nerve
blocks. The phenomena may present as CRPS-I (for-
merly known as reflex sympathetic dystrophy, RSD) and
CRPS-II (often referred to as causalgia), with a key
difference that causalgia is associated with the evidence
of a specific peripheral nerve injury. Recently published
data indicate that CRPS-I is related to the loss of small
diameter nerve fibers (C- and A-d), countering notions
that the disease is generated by the brain or psychiatric
disturbances.30
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Considerable medical literature, mostly in the form
of case series, has suggested that SCS has a positive
effect on CRPS-I and results in reductions in pain, anal-
gesic use, and functional impairment.31–33 Around 50%
to 60% of CRPS patients treated with SCS report that
their pain has been reduced by at least one-half. The
pain-relief effect of SCS for such patients is apparently
not related to changes in blood flow.34 CRPS-I also
responds favorably to peripheral nerve stimulation
with pain relief and improved activity levels in patients
whose disease is limited to a single peripheral nerve
distribution.35

A recent randomized, controlled study performed to
compare treatment of CRPS-I using SCS and physical
therapy vs. physical therapy alone showed that the SCS
group experienced significant reductions in pain com-
pared to the physical therapy group.36 However, at 5
years, follow-up data indicated that this difference was
no longer statistically significant. The original study
and the follow-up data have been criticized for its
methodology and its use of outdated technologies on
patients with advanced disease, factors that may have
affected the long-term outcomes of SCS. It is para-
mount to treat patients early in the disease course and
use technology that covers the entire affected limb to
achieve favorable outcomes. A meta-analysis of CRPS
literature suggests that early intervention and combin-
ing SCS with physical therapy and rehabilitation are
associated with better outcomes.12 For this reason,
experts have recommended that SCS should be consid-
ered for CRPS-I patients no later than four months after
the failure of conservative treatment.37 Cost benefit
analysis studies show that SCS, despite the high cost of
the hardware and surgical care, is cost effective as
compared to alternative treatments, and actually saves
money in the long run due to the savings in healthcare
resources utilization.12,27–29

POST-HERPETIC NEURALGIA

Post-herpetic neuralgia (PHN) is another neuropathic
condition that may respond to SCS. The pain of PHN is
believed to be due to deafferentation of spinal neurons.
Although early use of SCS to relieve PHN pain is asso-
ciated with positive results,38 the application of the
therapy has subsequently produced mixed results.
However, a recent investigation found that patients
with PHN experienced pain reduction and functional
improvement with SCS.39 Furthermore, pain from
trigeminal PHN has reportedly been controlled success-
fully with peripheral nerve stimulation.40

PERIPHERAL NEUROPATHY

Neurostimulation has been used to treat pain of periph-
eral neuropathies of varying etiologies, including dia-
betic neuropathy and postamputation syndromes such
as phantom limb and stump pain. While the early use of
SCS for diabetic neuropathy produced mixed results,
more recent efforts have been encouraging. Patients
with diabetic neuropathy responded to SCS with
increased exercise tolerance and significant pain
relief.41,42 Peripheral nerve stimulation has also been
used.43 Interestingly, one case report showed significant
pain relief and better blood glucose control after the use
of thoracic SCS in diabetic neuropathy.44 Compromise
of microcirculatory blood flow and persistence of the
neuropathic pain are frequent complications of
advanced diabetes. SCS may provide improved pain
control, increased skin blood flow, and possible limb
salvage in patients who failed conservative or surgical
treatment. The published data on the use of neurostimu-
lation for postamputation neuropathic pain are limited
to case reports that group these different pain categories
together, making it hard to evaluate the success of SCS
in each type of pain individually.

OCCIPITAL NEURALGIA

First-line approaches for treating occipital neuralgia
include medications, physical therapy, biofeedback, psy-
chotherapy, and regional nerve blocks. Neurostimula-
tion should only be used when these treatments have
failed to provide long-term pain relief and the pain
severely compromises the patient’s quality of life. Neu-
rostimulation should be considered prior to any destruc-
tive nerve procedures such as neurectomy of the greater
and lesser occipital nerves or C2 or C3 ganglionecto-
mies. These latter procedures are commonly performed
despite their lack of long-term benefits. A similar
approach to treatment with neurostimulation should be
employed for patients suffering from supraorbital,
infraorbital, and auriculotemporal pain. Peripheral
nerve stimulation has been successful in managing
intractable migraines and occipital neuralgia, with a
majority of patients reporting long-term reductions in
pain of over 50%.45,46 A novel technique to treat occipi-
tal neuralgia is use of two surgical paddle leads placed
across the back of the neck at the level of the atlanto-
occipital joints has been described.47 Such technique
enhances the stability of the peripheral nerve stimulator
and decreases the chance of migration.

Peripheral nerve field stimulation (PNFS) or subcu-
taneous neurostimulation refers to neurostimulation
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delivered through leads placed in the subcutaneous
tissue in the region of maximum pain. It has been used
with success in treating neuropathic pain of the head,
neck, face, back, groin, and abdomen.40,48 Additionally,
it has provided patients with pain relief from intrac-
table ilioinguinal neuralgia.49 In some cases, the stimu-
lation can be applied for 1 to 2 hours per day and
produce relief from pain that lasts from 12 to 24
hours.50 PNFS involves a complex decision making
process in which the physician must obtain a history of
pain in a nerve distribution, examine and evaluate the
appropriate innervation and dermatomes, and develop
a treatment algorithm with a goal of pain reduction. In
cases where acceptable conservative measures fail to
give acceptable results, a lead is placed in proximity to
the affected nerve. The lead can be placed by needle
delivery or by cut-down and direct visualization. In
the past the placement of a peripheral nerve device
required a complicated surgical procedure with a
fascial graft. Newer lead technology, improved pro-
gramming, and a better understanding of nerve targets
have simplified this procedure. The risks of this tech-
nique are minimal and trialing is performed at very low
risk. This procedure should be considered early in the
continuum of care.

NEUROSTIMULATION FOR ISCHEMIC PAIN

Neurostimulation has been used to control pain caused
by a variety of ischemic conditions and has significant
value for intractable angina or peripheral vascular
disease patients when reconstructive vascular surgeries
are not possible or are contraindicated due to comor-
bidities. It is also a valuable option for patients with
small vessel disease where revascularization is not pos-
sible. The therapy has been used extensively for ischemic
pain in Europe, where it is the leading indication for the
therapy.51

PERIPHERAL VASCULAR DISEASE

Pain from peripheral vascular disease may have both
nociceptive and neuropathic pain components, the latter
becoming more prevalent as peripheral neurons degen-
erate during the progression of the disease. The use of
SCS for peripheral vascular disease is associated with an
increase in capillary blood flow and skin temperature,
reduced pain, enhanced healing of skin ulcers less than
3 centimeters, and increased limb salvage rates when
used to treat critical limb ischemia.52–54 A recent
meta-analysis revealed that patients with critical limb

ischemia who were treated with SCS experienced greater
pain reduction and higher limb salvage rates than the
cohorts treated with conservative therapies.54 Such
improvements in limb salvage appear to be related to a
vasodilatation effect produced by SCS. Consequently,
transcutaneous oxygen tension measurement levels
(TcpO2) became an important screening and prognostic
tool to identify patients who may benefit from perma-
nent SCS implant. A review of 258 peripheral vascular
disease patients showed that the limb salvage rate in
those who had low baseline TcpO2 levels (<10 mm/hg)
was 77% at 18 months, vs. 90% in those who had
higher baseline TcpO2 levels (10 mm/hg to 30 mm/
hg).54 Treatment outcomes were the same regardless of
whether the patients had a diabetic or nondiabetic
disease. In a study involving 150 patients with critical
limb ischemia, an increase in TcpO2 levels of greater
than 50% during the first two months of SCS treatment
was found to be a predictor of long-term pain relief and
limb salvage.55

Neurostimulation is suited for patients who have a
Fontaine classification of III or IV (Fontaine classifica-
tion: I = asymptomatic; II = intermittent claudication;
II-a = pain free, claudication walking more than 200
meters; II-b = pain free, claudication walking less than
200 meters; III = rest/nocturnal pain; IV = necrosis/
gangrene). A primary goal when using neurostimulation
to treat critical limb ischemia is limb salvage, as well as
reducing pain and medication use and improving quality
of life. When used to treat critical limb ischemia, SCS
has resulted in pain reductions that often correlate with
improved limb salvage. Patients with this condition
should have adequate collateral blood flow in their
affected areas in order to be considered for the therapy.
Patients should not have had a prior amputation in the
targeted limb. Neurostimulation is preferable when
revascularization is contraindicated or has a low likeli-
hood of success. It is also helpful for patients who have
ulcers greater than 3 cm2. Gangrene is a relative con-
traindication because of the increased risk of systemic
and neuroaxial infection. In focal gangrene of the digits,
SCS may be helpful in revascularization and reduction
of the size of the required limb amputation. In such
situations, close internal medicine or infectious disease
monitoring should accompany the implant. The measur-
ing of TcpO2 levels may help identify patients who
could benefit from neurostimulation, but the difficulty
of performing this measurement in this patient popula-
tion may preclude it from being a practical diagnostic
tool in clinical practice.
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ANGINA

Many European studies have confirmed the ability of
neurostimulation, especially SCS, to mitigate the symp-
toms of angina. SCS reduces pain, decrease nitrate
requirements, and promotes exercise capacity.56,57

About 80% of angina patients treated with SCS experi-
enced fewer angina attacks and improved quality of
life,58–60 and some studies have shown that patients
maintain such results for up to 5 years after therapy.61,62

SCS also appears to improve blood flow and reduce
myocardial ischemia,63,64 possibly through the creation
of collateral circulation as a result of increased exer-
cise.65 Despite early concerns that SCS might mask the
symptoms of serious cardiac events, the therapy does
not prevent patients from experiencing the warning
signs of acute myocardial infarctions.66

The ability of neurostimulation to improve blood
flow suggests that it might be used earlier in the treat-
ment continuum for some ischemic pain indications.
Whether neurostimulation can be used in lieu of vascu-
lar bypass or reconstructive surgery depends on whether
these surgeries are feasible and prudent and, to some
extent, on the size of the vessels in question. Small vessel
disease may not be amenable to a surgical approach and
may be more appropriately treated with neurosti-
mulation, as this therapy has been shown to improve
microcirculation. The vasodilatation effect of neuro-
stimulation may also make it useful for treating per-
sistent ischemia that diminishes the patient’s function
without the accompanied pain. Currently, neurostimu-
lation is underused as a treatment for ischemic pain in
the United States. Based on its history of use in Europe,
outcome investigations of neurostimulation for ischemic
pain are strongly encouraged. Its promise for reducing
such pain and improving function should make this type
of research a priority, as significant numbers of patients
with cardiac, and/or peripheral vascular, ischemia may
benefit from this treatment option.

NEUROSTIMULATION FOR VISCERAL PAIN

The treatment of visceral pain is one of the newer appli-
cations of neurostimulation therapy. Visceral pain can
result from a number of conditions, such as those
involving the abdomen and pelvis. Pancreatitis, intersti-
tial cystitis, and rectal conditions are common sources
of visceral pain and may be associated with other dys-
function such as urgency or incontinence. Visceral pain
syndromes are often poorly localized and usually with
nonspecific pain patterns.67 Such pain syndromes are

often associated with relatively strong autonomic
responses that may lead to somatic sensitization. The
pain produced by these conditions is not necessarily
related to visceral injuries. Current treatments for
chronic visceral abdominal pain, such as various nerve
blocks and radiofrequency ablations, rarely produce
long-term pain relief.

SCS is supported by laboratory observations in the
treatment of abdominal and pelvic pain and hyperalge-
sia induced by repeated visceral distensions.68–70 The
mechanisms by which SCS suppresses visceral pain may
be multifactorial and need to be further investigated.71

One of the challenges of neurostimulation is that rela-
tively few afferent nerves join the spinal cord from vis-
ceral areas.72 Only a small number of afferents in the
lower thoracic spinal cord originate in the viscera. The
proportion of these nerves in the sacral regions may not
be much different. It is therefore difficult to stimulate a
part of the cord to cover visceral pain without stimulat-
ing nonvisceral nerves. Nonetheless, stimulation of
spinal nerve structures has been successful in reducing
visceral pain in a number of abdominal and pelvic
syndromes,73–75 such as refractory vulvar pain,76 mesen-
teric ischemia,77 esophageal pain,78 and pain resulting
from abdominal surgeries.79 Case series studies suggest
that SCS for abdominal and pelvic visceral pain is asso-
ciated with improvements in pain scores,71,75,79–82 func-
tional capacity,80 and the opioid use.79,80,82 SCS may also
improve function and ease pain in patients with irritable
bowel syndrome.83 Using SCS for visceral pelvic pain
does not appear to result in neural damage, even when
applied over a long period of time. However, it is not
clear from the data of these case reports and case series
how many patients actually proceeded from successful
trials to SCS implant and if there is any long-term
efficacy.

Of special note is the use of neurostimulation for
interstitial cystitis. As many as 1 million people in the
United States may suffer from interstitial cystitis. This
debilitating pain syndrome is characterized by urinary
urgency, frequent urination, and chronic pelvic pain,
and it is often accompanied by hyperalgesia and allo-
dynia. It is more of a neuropathic condition than a
bladder disorder. The few treatments for interstitial cys-
titis, such as the use of anti-inflammatory drugs, caustic
agents, or surgery, often only work temporarily or even
worsen a patient’s symptoms. However, neurostimula-
tion of the sacral nerve roots has been successfully used
in alleviating pain, urinary urgency, and voiding fre-
quency of the condition.84–87 In a prospective study, 15
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patients were treated with S3 stimulation and their
average voiding volume increased by over 50% while
their average frequency of daytime urination was cut
approximately in half.86 S3 stimulation has also helped
to normalize urothelial cell activity in the bladder that
the disorder has altered.87 Results such as these have led
some physicians to propose using neurostimulation
earlier in the care for interstitial cystitis and similar
pelvic disorders since it would spare patients from
potentially damaging procedures such as hydrodisten-
tion, bladder installations, and cystectomies.88 A lumbar
retrograde approach to lead placement appears to limit
lead migrations and provide easier coverage of sacral
nerves than the transforaminal approach.89 Stimulating
the sacral nerves has also been successful in reducing
fecal incontinence,90,91 as well as the pain, urgency, fre-
quency, and voiding problems of other urinary disor-
ders.92,93 Considering the strength of evidence, the use
of neurostimulation should be encouraged prior to
cystectomy.

Like many other new therapies, the use of neuro-
stimulation for visceral pain may be well utilized in
clinical settings yet underreported in the medical litera-
ture. This lack of published data justifiably makes many
healthcare professionals reluctant to support the appli-
cation of this therapy, even though it may offer hope to
patients with devastating pain conditions that are
unresponsive to other “established” treatments. Neuro-
stimulation has the advantage of being nondestructive
and reversible with relatively few complications or
adverse events. This promising therapy calls for
outcome investigations, particularly in the form of ran-
domized, controlled studies, to establish evidence based
clinical practice so patients with devastating visceral
pain can benefit from this potentially extremely useful
modality.

FUTURE DIRECTIONS

The current clinical application of neurostimulation is
exciting and offers hope to patients who are at or near
the end of the treatment algorithm. Evidence supports
that neurostimulation should move up in the treatment
algorithms of many conditions and be offered earlier in
the course of care. New developments in technology
have been critical to improving outcomes over the past
decade. Currently, research is directed to making devices
smaller, improving the number of contacts available per
lead, making the device MRI compatible, allowing for
bluetooth or other wireless communication, reducing
the recharge burden, improving lead delivery to differ-

ent spinal targets, and assessing the efficacy of neuro-
modulation in different disease states.

CONCLUSIONS

Neuromodulation is a critical part of the treatment algo-
rithm for those suffering from neuropathic pain. The
clinical efficacy for SCS is well proven for FBSS and
CRPS. Evidence supporting SCS is also very strong for
peripheral neuropathy and ischemic pain from periph-
eral vascular disease and angina. The use of peripheral
nerve stimulation is very positive for neuralgias of
occipital nerve, supraorbital nerve, inguinal nerve, and
intercostal nerve. The authors encourage future pro-
spective studies on neurostimulation for visceral pain
syndromes and other new indications. With appropriate
patient selection, neurostimulation is a valuable option
to reduce pain, optimize function, improve quality of
life, and decrease healthcare costs in many of those
suffering debilitating pain conditions.
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